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SECTION I
INTRODUCTION

The purpose of this document is to provide handling qualities investi-
gators with readily usable data on several representative contemporary sir-
craft. Included are those data required to obtain transfer functions relating

the aircraft's response to control inputs. An analytical descripiion of the
aircraft's stability augmentor is also given.

For those aircraft for which complete information was available, the
following summarizes the contents and presentation:
1. Flight conditions for which computations are made
including:

a. Configurations (e.g-, fuel load, flaps,
gear, etc.)
b. Mach/altitude combinations

2. General arrangement
3. Control system description
L. Stability augmentation description

5. Tabulations and/or plots of non-dimensional stability
derivatives for trimmed flight

6. Dimensional, mass, and flight condition parameters
7. Dimensional stability derivatives

8. Transfer functions for control inputs

9. Selected bhandling qualities parameters
10. Data svurces

A mege number cross index is presented in Table I-1.

The intention has been to make this report completely seif-consistent
insofar &8s symbols, nomenclature, definitions, etn. The system used is
described in three appendices. Appendix A covers axis systems, aymbols
and notation, and definitions of nondimensional and dimensional stability
derivatives. Appendix B gives the axis system transformations for the
derivatives. Appendix C includes the aireraft equations of motion and
transfer functions used herein.




I el Ene we 2ot qal 944 Lot 7] 1 cINWE VI
RN STILITVIR
A4 e " goe ) Lol 44} yCl 6% of OUTANVH TVICILOINIC-TVEILY]
(414 - 612 - - Call nt "ot - - TOLIU0D FIXW AUL =
(131 - 82 - - () ¢« 201 - - TO23u0) #1X® [TO¥ =~
wee o
[T olz L1t Loz 061 651 b4} 1L oc 62 T0J3U03 SIXY AL =
60¢ (1] 1] 902 (1] [\ 11} 00t 114 1] o400 9INe (T =
o o
SXQLOVL MOTINNS
YZISLVEL TVROILIDIIA-TW ALV
gos we LI 0 51} 6 ofL 65 9 L2 SIAIIATHIC TWNOISIKDNIQ TVROTIOAIA~TVEIVE
Lot ID2] 11 neat i 0% (2]} ve [ 21 MOV BXILIIVD DNITANVH TWILIANLI N0t
oo - - - - - - 96 - - Yy e
(434 - - - - - - 3 - - TOIUCY BIXW HIIL @
posord> doot ydjeaqeg =
(Yol - - - - - - 26 - - Ny e
G - - - - Cut L2 [ - - TOLIUGD §;40 Yiulg @
usds oot judemqog =
wew e
162 052 - - - - - o8 ~$ - whayy o
468 7t ] - - - - - 99 [<4 - O49U02 PIXW WdYI3 @
paroTd doot WIIMAQOQ =
N =32 22 oz 981 - - ] 2¢ [+3 sy e
L4 (3¢ 164 202 3! [} 25 w 14 2 T043u0d #IX® YOIE @
uedo doog uBfeaqog =
Jogm @
SEOLOVE NOTININ MZLSNWHL TWRIGNIIONOT
4 292 (.14 2 wi (31 921 14} o €2 $ZATIVAIHIQ TVHOISIIDIQ “TVNIGNIIONOT
SULLDIIVE NOILIANOD
2o 92 622 o2 (]} 2t ¢ 2 6 22 LI WY S8V “TvioIsKDad
62 [T 912 (1 (15 €t it oL i«§ oL SIATIVAIVQ TVHOISKDQA-HON THWINS
g2 - (4% - - ant () [ ] - - KIIOAS KOLLYIRINXY 111TICVis
L2 2 ne L6\ oLt i 2 <] 9¢ 6 KI18Z8 TONLNO0D
e 9~z Nk 96¢ &t ont e L] 1% e IXDTONVEY TVEDIED
2 “2 32 [ 891 5y ott € K L SROIIIMI00 IROIUL
.2 e e "6 wofoua | s |2 £ 9 TNNTLVE
YOL*8X | V=) inleq 1i099tAD | 4vis190 ) 0 CL=x o9m, yroi=d | vi{-an

XIOT SO0 UM 10W

l*1 v,




.-
[PTP IaN

}

; 3,l
 F

.i

The aircraft ccnsidered in this report span a wide range of sizes, cpeeds,
and uses. In each case, traasfer functions and hardling qualities parameters
were ccmputed tor {light conditions which were selacted to cover the flight
regimes of interest. A rom’zal configuration (gersrally cruise) was picked
fer all up and away flight conditions. For this nominel configuration, plots
of trirmed non-dimeasicnal serodynamic force and zcment coefficients are
prasentad, Alse, In most cases, a power approach case is presented along
wi<ii 2 tevulation ¢ aercdynamic coefficierts. The coefficients are based
2 rigid wind tunnel data, estimeted flexible date, or flight test results,

sending upon avaliability. Tnis is indicated by the words "rigid,"

O

..n‘

‘flexitie,™ and "flizht" cn each serc data plot. ilso, the axis system is
indicated by "stability"” for a body-Tixed stability axis system or "body"
JoroL Tt Terizoll s tmoallimalocdetoshe TLR0L, 0 TMareter alarifisation of
exis cystems used I3 given in Argendix a.. bescriptizas of wLatril systems
and stability augmentation systems ara given along with trunsfer functions.
Wrere a longitudinsl control system has a significant effect on the equations
of motion (as with a bobweight) the stick-free traasfer functions and handling
qualities are givea,

Transfer functions are always given for tody axis motion quentities.
Handiing oualitice parameters ares also given in the body axis. All accelera-
tion ¢ransfer funciticns (sz and ay) are for the piiot's position. Thrust
transfer functicns do not include any engire respcase characteristics.

A substential rortion of this report is in the form of computer printout.
Tre mnemonics used in this printcat are defined in Appendix A,

Tke handiing qualities parameters given in this report represent only a
small fraction of those developed cver the years., The majority presented here
are used in past azd present versions of MIL-F-8785. Although only SAS-off
velues are shown, the definitions yivex in Appendix A are general and could
be used in conjunction with the SAS-on trensfer fimctions to yield SAS-on

handling qualities parameters.

While complete coverage of each aircraft including only the "latest™ and
"rest™ data would te desirable, the major critericn used was that the data te
azcessible to the suthor., This is why cnly isolated flight conditions are
given for some sircraft, and also why, as those people more intimately familiar
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; with each particular aircraft will recognize, the data presented may repre-
{ sent an early estimate in the design process and perhaps the "nominal config-
‘ uration" is one which never left the drawing board, The data have been reviewed
and, although not all those presented indicate unquestionable trends, thos=
i: data known to be based on only early "guesstimates" or showirg unreasonable
trends have been deleted. In some cases data were estimated by the author.
’ As to how well the data can be expected to match the flying aircraft, it is
f assumed that those for whom this document is intended know well the difficulties
- i of obtaining derivatives from flight test data, Every attempt has been made
r to insure reliable translation, interpretation, cnd transcription of the data
. : from their source docurents.
A
2 The manufacturers of the aircraft described herein can not be held account-

avle for the informaticn presented, nor would thsy be bound to concur in axy

conclusions with respect to their aircraft which might be derived from its use.
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: NT-33A BACKGROUND

"The NT-27A variable stebility airplane (Serial No. 51-4120)
iz an extensively medified T-33 jet trainer. The elevator,
ailercn and r:udder controls in the front cockpit are disconnected
frorn thelr resrective_control surfaces and have been connected
to separate sarvemecharnirms that make up an ‘artificial feel!
systex. In ailition, the elevator, aileron and rudder control
surfaces have been connacted to individual servos which can be
driven by a nuxtex of different jnputs., These servos receive
their elsctrizal inputs frem the artificial feel system (pilct's
cormandz, positicn or force), attitude and rate gyros, accelero-
reters, {mamic pressure, a vane and £ probe. This arrangement,
trrough & resrens2-feedoack system, allows the normal T-33
derivatives toc be augmented to the extent that the handling
. sualities of =any existing airplanes, future airplanes or hyyo-
o thatiz:al ras ';Mh "onﬁ;uragiona, can be simulated. The original
JeFE v r rresicer L i sEpluced with the larger nose of an
. f=J-~ 0 proviia cm wrciume --qu:.red Zor trhe elecirunic compo'.ents
' cf ihoe responze-feadback system and the recording equipment.,"’

Iransfer unctions are given for only the primary surfaces and engine
thrust althouzh the NT-3%A also has other control surfaces and a range of con-

trol crossfeed and feadback cczbinations.

Aerodynamic data, fo: the rost part, was teken from AFFDL-TR-70-71. However,
longitudinal data for tie nigh 1lift configuration was obtained from IAL 127
and Mach number derivatives frem NACA-RM-T116.
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NT-33A
PITCH AXIS
Variable Variable
Feel Stability
input input
: {
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ROLL AXIS
Varicble Variable
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input input
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Feel system parameter values shown correspond
to the “Front Seot Engage” mode (normal NT-33)

Figure II-7.

RT-33A Control System




s

-t

VR N

W\f .

E '.:f.:cy._-,‘:\ .

TAZLE II-1

NT.-33A

Power Approach Non-Dimensional Stability Derivatives

h = sea level
Vp, = 228 ft/sec = 135 Kt
ag = 2.2°
Longitudinal Latersl-Directional

¢, = 813

¢p = 13
Cr, © 5.22/red
Cp, = .54 /red
Cog = —-.401/rad
Cog = -10/rad
Cm;, = —Dfred
Cle, = 34 /rad
Cmg, = -.89/rad

10

(statility Axis)

—-.72/red
.049/red
—.177[rad
-.57/red
~.045/red
.20/rad
—~.16/red
-~.009/rad
.k /red
<17/red
~.073/rad

—.002/rad

vy

———




) W . . PR
[P T PP IRE YA S IR VLT

PR

ey, LD

*
-
o1

SL NT-33A
-—== 20,000t 13700'b
e 40,0001t .263¢
Rigid

%
\
\

11

D Mo bt Al Wnes ¥



YoDW
o))

EEAAUNIN TS R
B, T,

90

4100.LEl
Vee-AN

»
—————

) 4 fo_ .
_ T _ 0

§snayy

$$99X3 0167 19

x<:.._0

HO00'OY =—onm
H000'02 =====
1S —

P AT A g W B e R




) 8 -~
c.
L
: i NT-33A
(rad™) / 137001b
4 é Rigid
: I
; !
: ! — SL
- ol —-=== 20,0001
——-== 40,0001t
®
1 I L |
% 2 4 6
Mach
N .2+
,4 €0
(rad™) ?
8l !
\
\
]
\
A
0
0




e N RN

~ et

Lo }H.J' o . A ¥
e e NI S W A P

t
X
.3
£

— SL NT-33A
ce=~= 20,000f1t 13700 Ib

— = 40,0001t .263C
Tigiu

N .m-.—- -




e 1 Y nempeR @ . T P Y P A T @

SL

s==== 20,0001t
—-—  40,000ft

Al W~ o b
FE T A




o—OOC
NT-33A
Rigid
I
8
8
I
(Ba) O

Mach
Mach

IR

O~
]

4

4

T

s ©)
16

4
2
o
)
4
8
-2

CLae
(rad™)
Cm8e
(rad”)

r P VUL R Ll e L i
- R P ey v.;ﬁ&?«m

b

’ : s . ) - L . R o
<. - P * . - . .t € . . R
. : . C . I A ) . [P




e b . P swelmrestae s .

!
R4

" R : R -
L S A o

oo

Oab O $ (7

= SL NT-33A

== === 20,000ft 13700 1b

—--=— 40,000f1t Stability Axes
Rigid

C"B
(rad™)




; ' 5 Mach
: 0 2 4 6 8
; 0 T T T T
E -2k
-4
.f it
R (rad™
~ ©
5k ® ® 9
(7)
. . (&) @
.4" | -'8 [~
® |
E | sL NT-33A
‘ e 20,000t 137001b
—-— 40,000ft Stability Axis
Rigid
04 -

1, C n b’f
P /
(rad”)
-04}-
-08 -

18




sL NT-33A
..... 20,000 ft 137001b
—_—e— 40,000t Stability Axis
Rigid
3r
l
Cgr, %-}
\
cn' er \\ \s
(rad™) N Ne—
s N T
N Ch
0 = - t +
2 a 6 8
Mach
-l b—
/3 ) Cn
By -%-o in f




LYY S

]

1

. TN,
BRI LY I TX SGr T e RN

e A bt

.
O S

.20

Cn 3q
(rad™)

16}
C18°
(rad™)
12
o8 SL NT-33A
) ——e=-e 20,000 ft 137001b
—-— 40,000t Stability Axis
Rigid
0a
0 1 | i !
0 .2 .
Mach
.0l

84 is sum of both right and left
aileron deflactions

o0




Cys, -
(rad™)

-04 |-
Cnar
(rad") O

-08 Sa 0

SL NT-33A
=~=== 20,000ft 13700 1b
=——-— 40,000 ft Stability Axis

04} Rigid

kg e

s .

I RN :
[N .

.

o % i
B |
n RN l
. |
S > 21 E




0020°
*0
°9
ye°2-
€¢° 9
‘0
0s°2
YA
AR
Le -
*03y
czoecy
ctotve
1082
€9¢°
*o0LEl
‘L6l
“€LE
T4
0¢9°
97
8

e

c020°*
‘0
‘0
'"8°2-
€5°9
*0
008~
*0yy
‘ERE
1€° 1~
‘08~
*Z0utey
c1ot12
*108¢€2
€92°
*002¢€1
'A23
‘199
‘oLL
osL”*
% 02
L

& e e

4 e s
0020° 0020° 20° 0020° 0020° *0 (14617
0 0 2 ‘0 ‘o ‘0 1930) Ix
0 0 *9 *0 *d ‘0 (930)K2 1
¥9°2- *0°2- yg°2~ ve*2z- 40 2- $8° 2~ (141429
€s°9 €s°? €s°9 Es*9 €s°9 169 (14)éx9
‘0 ‘0 9 *0 9 *0 (9301 WN Y9
009 ° 0y°s 906° =~ 006° 02*¢ "2 o 4 (LECRAL hlJ
reze L°29 *eld *ive 6°L® €9 (480120
‘902 €°19 *e2L *LeZ L°38 L°19 (345410
tes - Le“1- Le* 1~ Le°1- e 1- 2% 1- (930)N0D 11543
"o8% *08Yy *08Yy .omv * 08y *o8y 38 14=-977812x1
‘Zogtey *208¢€Y cZo8EYy *2o8€EY *203¢ey *1002¢ s 14-9778) 21

*totte *t1ot12 ‘10112 ‘10112 *totve *00L02 (93 L4-MIS) Al I’

*108€2 *108€2 *108€2 c1o8¢€? *103¢€e ‘ooLzt (s 14-9778) X1 ¢
€92° €9z° €9z €9z €92° o9z * (294 1°9°3
“00LET *00LE1 *J0LEl *00LEY *ooLel *ooe 11 (seIm
rese 13 *E9Yy *e32 * 091 tett (SYINI01A
rece ‘981 “E9Y * 92 * 091 *eEl (SYLNI0LA
‘ols ‘lie 41 ‘Lhy c 0Lz ‘822 N 1Sd 3)IIA
oss* 00€"° ooL® oov* Tyl y02° (=)W
® 02 n oz s s s s (1d)IW
9 e ] € 4 1 LT

Welg=2 'S ~a ‘WbegR =S

SNZLINVYIVA NOLLIGNOO IROTITA QNV BEVR “IVNOISNINIQ VEE-IN
c-1I JIdvVdL

R T L IIEEELE IO 2% W

T Rt

LT AR T




” . U v o s AGTOENITA

. . + + + + . * *

¥-3826° §-3996° 9-364%6° 9-3W9y° ?-38%6" 9-3846° 9-3095° ‘0 H1G4
Y ‘0 *0 *0 ‘0 *0 °0 *0 HL Q7
§€200° $€200° $€200° §€200° $€200° SEZ00° $€22d° €L200° HLOY
L 754 I L°82- 29t~ €1y 126~ I* 91 - £g*s- 6l1°y- 304
9° €2~ $° 28~ 6°09- L R S ‘251~ LA 1 A ¢ 9~ 9 €1 3Jaz
966° [4% Ak o0s* g8 °1 3?2~ 229 9t LA Jox
SES° - §s° 1~ 186°- 006° -~ 92~ tee1- 908° - 969 - 04
»3.88°- 102000°~- 1%5000°- €81007°- ‘0 0%100°~ 6%10) °~ 2%100°~ On
‘0 ‘0 *0 °0 *o ‘0 *0 ‘0 or
*9 ‘0 ‘0 *0 ‘0 ‘0 ‘0 ‘0 Qu?
19800 *- 6¢20°~ Ls10° =~ 824000°~ téyo° - ¥20° - 69900° - 42000 °~ L1}

J09°~ 0e°1- §2°1~ 16%° - 56°¢t- EL°T- 166° - 9¢c 6t - LY ”
lof0* 985600 16€0° is90° 112¢0° =~ 29¢0° T1£1° s180° .}
tytovv*- 15100°*~- €81000°~ &11000° 09L200°~- €32200° €09003° 81¢000* ¢ Nd
I9L0° - €0L0° - Lot~ LA R 291~ B21°~ €1’ ~ oy - « N7
. $5€30°~ 11s0°~ SEL00°~ L4%00° $1v0° - 010~ ¥6900°~ 16€0° = ¢ OX
' 0s9° osL® 0ss* oote* L o0%° Ty ¥02° L
N 0y N o2 ¥ 02 ¥ 02 RH s 1s s H

8 i 9 ] v € [ 4 1 9 3/4

(weysfg stxy Apog)
' SIAIIVAINAQ TYNOISNIWIQ TYNIQNIIONOT VEE=-IN

w ¢-II FI0VL




»

LI R A AP T o 222 TR R 3 10 TRl
t e . . Lt g
. .

. i
t
- PR . e cwed b ]
L) 4 + L ] 1 4 *+ . 4
Leat EALY Lot N cnr 291 26 ¥ 260 1(d2¥)n
£2:¢0° v620° vivo* 6020° yeELD® 143 tavo* L050° 1147¢)}
92200~ 64%0° €900 58¢3°~ L8€0° L3600° 1619°- 9920° LAY I8 ANTAS
“lvqy’ ¥22000° #€100°~  64%03° 33970 TEL100° -  gvlo” 91y~ A STYAANVAS
€08 *sot s 16 v el LY teag Leer 4 talv)y
{ 3G/7dIVIN
vt 22 191 (438} 12 il £ 0ot $§*9 t1 onr izt
AR N 302~ viri- %y~ te2- LA 4 90 &~ i~ e oML/
*21000°~ 1060° 66%00° 92¢0" - y5¢0° ¥6100° [l 2 21 AR *L10° LIS LIRVA
9°€2 y° 29 6 0% 11 *est yevy 2°91 v'etl { g1y
{ 30/ GHIN
199 gLt 02°1 €y Lyt 891 (113 068 ° AR IS FVAS
¥ 100° $150° 8010° c2to* LPR MM (et RG20° 290° (LIS NVA
ez 8- 9°92- 2*'91- 21y~ L°26~ $°¢1- 19°%~ 41° & (It )y
t{ 30/73HLIN
€290 2250° »10° 601" 5383° 9760° 134 4 L1188 1 MM
€£4¢0° R 6150° Lelg®~ (1744 #3637 0622 st 1C a1
122 212 ‘661 2 (S 1% 4 * 231 ANy Lt LI I VA
g c2- 9°28~ 609~ [ A2 4 & 261~ yoyy- 2t~ vl ( gy
t 30/ M)IN ﬂ
689 ° (°08Z ) 1Ak Les® (‘6% ) 08°? ¥ 3 AR 1t N
$3° 191°9~) 09%" w9 (€1°¢-} ygy* 69i° €49° T¢ At
922 12 e it 582 il £°986 0°99 AT P YA
900 ZEy° - 00%* 8§ g9z~ 029 Ly 1 91¢° t Ny
{t 30/ NN
X RIS AETILS
o072 £€9°» 61°'¢ "o’ t9'9 Tore FL 2N { 681 Zesaoe
g9 o] ] get* Lg8’ »e° [ 13N ou° X4 M T{13017
E»350° {4140° ) 8i90° 1260° 1960° i€ed* 19° L 111300
S1€0° (Ltzo’-3 22%0° 20409~ 18 9%g0” 6613 ové0"* 1139012
¥ILYNININ IO
0g9° osL° Qss” [+]] &4 3L 0d%* T2 402 L]
» 0y Q2 ¥ 02 % Q2 a4 s s s ]
[ 'y 9 $ Y < 4 1 ¢ /4

(weyshg s1xy Lpog)

QUEIFITY aIeg
SHOLOVA NOLIONNA NEASNYHL HOIVATIT VEE-IN

n~11 JTEVI

- R UMY | ,ﬂ!?;.ﬁ;.? .f,k.w&l.‘\r,\l. Ifl.‘ﬂﬁ.
AR D)




» [ 4
weee o' 9t
Toe® woL®
g9 "0 1-
w2200~ L12000°
G-3523°~ $-3L19°-
@0 ¢ (1°91-)
eI [ELAN )
tve* 221~
101000°  9-3€TV°~
st (i)
e toe9* )
9-3166°  9-35ve’
! you'- €26~
sle00‘~ t26000°-
129000° 015200°
. o2 ity
o _‘Aé 992 taee
R A 99800 = E0HDDD®=
i ) $€209° §€200°
L
]
. 0> 2 £9°Y
R 892" 1%
Y €950° (L1io” §
.M.. ! »1€0° 12120°=)
0%9° N
% Qv X 02
{
] L

i B -

[ RE 4
o€sL"
g vt

goL0C0 "~
G-3629°~

62"
CELE
€2°¢

n~382¢%

69°1
(115
9-3C76

891

€1400°~

162000

b1'¢
g6t ”

52200° -

S€200

61°¢
86E"
8490°
Z22$0°

0s%°
% 02

9

-

. * .
2e2¢ 1 (g°1s } ge’t
teo*t ) (vy°8 ) 599°
tee” 142 9wy
g1~ FvI020° $1100° -
¢-1918° - 6-3b19°- e=3689°~
101 [A 2 oL €
IRLN s$6L° Leee
vt 801~ 169
995000 y-369¢°~ 9-369¢°
906 ° 3t Tt
vle* L AL 126°
s~3s2t” 9-3678° 9-37v48"
[ X400 L7358 2 L -
y1u0* - L9130«  REEY*-
911002° D9£00D" £y1000°
9L9* 199 1y ¢
o8’ yay* 11N
»120°~ DLEODD* - yo200° ~
§€200° €€200° $E230°
219 199 to°€
Le3° y8y* 3%5°
1163° 1360° £e60°
28L03°~ 16¢€° Fvs0°
o0¢* ML 00%*
¥ 02 s AN
1 L4 €

(weyshs 81XV Apog)

swexFaty oxed

G-11 THEVL

69" 1
ity
[ 2R 3
toizt-

¢-3L28' =

Lge!

219

961
€12000°

L75
62L”
g-3L21°

L 6=
6200’
y-3031°~

448
0e’*
¥210°~
gezo0°

291
083°
191°
6610°

[ A4

36° 1
68¢°
“g99
T¥E00°
¢-3401°

L€t
bit*
[ 1383
£01000*

(8¢ L
(L4487
9~3061°

12y
96€0 0
6€00°

6$* 1
229°
PA
§:60°

¥02*
18

FUOLOVE NOIIONAL CEASNVEL ISOUHL ves-IK

)
)

i
{

e IRV

143298

1142902

L ITTEIR YA

tazvrird
(42¥)Y

(HLAZdIYIN

1¢ QRIM
1t oW?
1 ant
§ oMV
(HLO/ QWM

T(IHA N

TN
(IML )Y

{H10/3NL N

t My
{110/ NN
SYILYUINON

4130
zouLiaz
1{130)%
14130¥7
$I4YNIWINAa

L]
H

¢

UL




.

1oy
SJ* €

et

ot E009"

0s9°

% v

: O e

+ L 2 4 + ] L 2
it 61°1 $2°S 16°1 6Lt £e*? 1
to*2¢ ) - *805 - - - -
21s° SLy"* sO1°* 51¢° L&Yy’ ole’ 26E"°
231 26°1 991 c9%° 5L 1 »1°¢€ 6€* S
91y e ¥4 2y g'ee 0°¢2 [ 0] L€°9
161~ 0810°* - LL6D" 3il*- Oy20* -~ 1€10° 9250 °~
Qaxid4 ANILS
o L* 0ss* [o]0] d oL’ 00y* 292° »02"*
% 0 N 02 n 0z s h M) 1S 19
L 9 s ] € 14 %
(woyshg sTXV fpog)
auURXJITY 3X8d
SYELTIVEVE SETIITVID ONITANVH TYNIGNIIONOT Yee-IN
N-11 F19VL
AN 10 Y ) e J...... . . ,J.Q&..,:b.w.:l.-».. . Yy

LR PV N

e . s

(017171

t tanom )
(915}  (210100MMd

(9/23$/23S/0av8}) dv?D
(9/7930) 9730
tave/9)  VYIN
t1%/930) tNH 290

$ /3




+ +

261~ 66° 9~ 12°¢-
808° 0z°¢ 6t 1
s610° 1160° €9c0°
gll” s61° 121
€1°L 0°42 AR

‘0 ‘0 ‘0
ot1° - gle° -~ %02°-
6L1" 24 3 9s2°

8ey0°" - 1%10°- €8EC° -

L8 - €2 2~ 96°1-
291 %2*9 09°2
80°6 - 68°6- v L-
bezy- Ty 1~ Lo2L-
»190" - s81°- 8z1°-
0g9° osL® 05§*
% 0% 3 02 % 02

.8 L 9

+ +

9

*

€68~
L82°
R10°
yo1°
41°¢
‘0
$01°-
Y127,
€01~
[oT4: g
[«L -0
30°Y-
912~
690°~
ooe*
0¢
S

9° 21- 0§ ¢~ §2°1- "2 1. w3 N
69°S T £hy §210°- ¥3 01 )
o1 toso° 1080° TITL ¥deA

092° gote N3k 9820° YO N

0° LY 921 €5y 12°9 v3 41

0 ‘0 ‘0 ‘0 vaeA

195°- 162°- TR0 1oz - VBN

64" oze* o€ 9 o
gti0* 2150°- 21t - 9tre - VN

15 4= §1°2- 261~ €0-2- 'd -
9*01 L2 0%6° 199° .QZ. a
0°81- 20°8- 2y - 6% 5- 81

“ w9z~ 0°18- 1:0c- v 82~ A

gee- 1R1°- - §21°- AA

00z° 00%* 22" w2e W

s s s s “

Y ¢ 2 1 EY?
* + + * L]

(WILSAS SIXV XQ0H)

SEATIVAINEQ TYNOISNEWIQ TVNOILOZYIQ-TVHEIVI VEE-IN

L-II 1€Vl

. , ..” ,. :ll...#l.ﬂv‘\.o f- .,Q%..u.
A . C . ) ] : A S . R




et 91 (YA $0°\ (1301 68°1 €et ec° T(IAVIN
"2 1225 (21 09y* tee 692° Loy* LEv° t1idAv )7
v09°- s6€°~ 099°- L85° - 19e° 908°~ L0 1= 92 1- Z1dAY)4/1
0€10° "®e tel° 9990° 96¢° - Yoz o 21 TtaAY)L/ Y
0°t2 *" 69 0°%¢ 68°% 13 ItLE [ 2 €1 taav)y
( VO/dAVIN
(130} €s°2 LA M e b 3 2 $9°1 §0° 1 g¥8 T01Hd )Y
€©yo* 6660° zot* $660° (11N 18205 et gol* TN 1T
[ 2 &' 092 Lt L1'E Iy EAXA ! 1134 1¢°9 (1Hd Y
( ¥Q/ IHd IN
9% 68°2 W€ vl Lt 062 113K to°22-) T ¥
14 2 ok 13330 L68° - 32 Mg 129° - 596° ~ £€L9°- (90" 1~} AR IR 11
928° " vo-l 8y y°01 sl eL s60° (R I FYA
[ 23 2 61" 121 ¥l ooz sot° yel* 9820° t wyy
{ YO/ YN
(138 ({344 %9°1 899° et 59°1 §0° 1 648° 1( d)%
t990° 6660 ° 201° (AR 9¢€t° To1° sol° ooz* 1 4N
200~ $13000° 190000°~- 6913°-  9E7000° 11100t~ 9019°~ 22600°- "M an
€1*eL [ 24 Lot s l0€ %Ly LAX 4! E€S ¥ 109 (Bl
t vo/ dIN
s0° € 10° €~ 922 951 g1t | 8 ot’¢ 9y L LI 1 FYA
2690° OEE" 1428 9190° 996"~ ¥i2° €ol° LA 8 1 /e
[ %10 02€°- 6150 ° 16t 666° ~ €Ee0” saz* zoz* t 9y
t va/ @QIN
SulivYIAnN
1ol t 4 3K4 0Ll 11 P2t L0 92°1 AN 111300
1620° 8980° L590° 8€903° tee ot SEY0° 6093° 1(13012
aLo° 62°2 991 996° LSy y2°z Lyl oz LI
£9v00° €€€00 2€600* 62w $9403° €vio°® $610° e1€0° 101300471
NILYNININGG
069° osL* 06s° coer NL* ANy ty2 ¥02* L]
N 0% ¥ 02 % 02 % o2 s RH) Is 1s H
¢ L 9 s L4 € 2 1 " 4

(WALSRS SIXV 7Q0d)
euRIJLTY axeg
SHOLOVA NOLIONAL WEJSHVMYL NOMEIIV VEC-IN
g-1I FIEYL

L . Deme e A s R g e Caegyy, om0 S Sdamyangg VY o PR
P LR L . el




06°9-
96°$
€o?°
ve10°-
€0°2

99°¢~
91°€
yaL*

98%°
02230° -
L9°
26 1~

LA 1l
$0°¢€
€2200° -
808 °

001
208°
$6620° -

$610°*

19°1
1520°

5L6°
€a¥d0°

059°
* 0y

1l
8€°6
00°¢
¥9400° ~
08°L

01° %~
LZBA 1
€2°¢

§G€E°
2280°

1€°2

66°9~

€1°%-
oLl°€

§12000°

02°¢€

*e2l
92°2
€1£00° -
1260°

[4 84
8980°
62°2
€CE00°

nsL*®

» 0T

86 8-
9L
§2'1
0210° ~
89°¢

S1° e
€9°¢
sE°1

€9%°
oL10°
99°1
12° €~

$0° 9~

09°¢
§8L007° -

6" 1

268
09*1
99900° -

€9¢€0°

oLt
L%90°
99° 1
ZE600°

0ss*
» 02

€2°9- zest- 0R* 9~ (39°¢ ) S U4AYY A/
£1°s 911 62°$ (102° ) €LdAY) L/
1Ly 1€°y neRa* 9¢€1 TLdAv) L/
2090~ 29€00°= O¥In‘~ elgd)° - €090°*~ TtdAvI At
66l° 8%l 80° gt ov (dAvy
( ¥0/7dAV Y
[ 134 2 9€ s~ ] Rl 90 6~ (90t } [4SLLINVA
06°¢€ 90°% oL € gc° € (ZTR° ) 1144471
oyt* 60°9 168°1 62F° 2090° - {1Kd)Y
( #a/1d IN
LEL” £oe” 69%° 02y° §09° Tt uim
€21 6sZ° Zlel* »2Ld° 6510° te ¥z
OEL*® 85y €z (138 21z T win
€89~ 9°21~- 0g°¢~ ¢2° 1~ *Z'1- t Wiy
t ¥a/ WIN
€0 ¢~ LA 3 L1 o= 00°* %~ 0°69 €t et
or'e L0°S L9°¢ Z1€ 30°8 L aun
oLt0°~ 199000° Z1100°~ N - €€500° =~ " dairn
LeL* 68°S Le°l cor* s210°~ t diy
( ¥0/ dIN
g°6Y% {4 2°0L 6°2% €2y € Wi
9¢e* LS°Y 61°2 9€° 1 $0°2 et an
110"~ 9%100°~ 87100°~- 21e) - 9550~ 10 ern
s8t0° 201° €0s0° 10€° §530° t a)v
{ 40/ QIN
SYOLVEINNN
91°1 82°¢ sL°1 92°1 €11 1tL30)m
8€900° IXAN €01° SEHd° 6390° 1113011
996° LS yZ°7 151 opz°2 Tli30014/7
6Z10° 69%00° €¥10° so1)° 91€0° ttianya/t
YOLYNIWON 30
00€* 004° 004* 424 »0Z* H
» 02 1S 1S s s L]
$ L4 € 4 1 ® N

*

*

(WAISAS SIXV XQO€)
sweLFITY SIvd
SYOTOVA NOTIONNS UZLENVHIL MEGANE VEC-TR
6-11 1AVl




eez:*
Sy
069 *

b LS

+ +
»Z1° 692°
2Z°1 $6° 1
Z2°8€ coze~
et 2z2¢*
00°1 oLe*
41900° 8Z€o°
186" 196°
9°01 19°*9
ot “0*9
$°01 629
o6L* 085
0s°2Z e
osL® 0es”*
¥ 02 > 02
L 9
Y +

SUIIANVHVE STTLTIVNYD ONITANVH TVNOILOWMIG-TIVHEIVI

919°
44°2
*22¢e~
1eL°
esL*®
(4310
€le’
949°2
659
11°2
eLs0"
| 3 A8
00€*
A 02

+* + + + L 2
L L0° cez 1T bes* 3A 01 IHd
90°1 £t 10°2 w12 v139 01 1M4
1°8% ‘g1¢- ‘gl *162-  3SVH4 ‘v138 Ol IHd
wot 92¢ toL° t0°1 XVN-8-130
10°1 996° 628 * 15" (01 M/ ( IHaI N
26100° veco® o7¢ L9 tAY) ¢/( 3501 d
€96° 926° 505 ° sL1° (11421214
501 91°s 192 00°2 (€14
¢ ot 6L % 221 g1y (214
v 01 1% 192 ve 2 114
-- - -- -- (93S)  (2) Iv¥lds &
91°1 1%6° (113 1410 (2713371
€61 19°¢ 6% Ls°s (935) 00I¥34 ¥Q
ooL* 00%* zo2° oz W
as s s s H
v ¢ e 1 Y
4+ 4 + + L

(WAISXS SIXV XQod)

aUBIJITY 9I8g
VEC-IN
" OL-II TIavd

Aohdres i
S




P NP NS A

¥,

-

-
. .
ombane. e

PR CWHASNN

i

NI-33A DATA SOURCES

Hall, G. Warren, and Ronald W. Hubar, System Description and
Performance Data for the USAF/CAL Variable Stabl_lty T-33
Kirplane, Air rorce rlight Dynamics Laboratory Rept. No.
AFFDL TR-70-71, Aug. 1970

Tests of a 1/5 Scale Wind Tunnel Model of the TP-80C Trairner,
Iockheed Aerodynamic< Laboratory Rep%. No. LAL 127, Jan. 23, 1948

Cleary, Josepa W., and Tyle J. Gray, gg_h dSpeed Wind-Tunnel Tests
of a Model Pursuit Airplane and Correlatvion with Flight-Test
Results, NACA-RM-7116, Jan. 21, 194b

Statler, Irvirg C., et al, The Development and Evaluation of the
CAL/Air Force Dynamic Wind Tunnel Testing System, bart 1 —
Description and Dynamic Tests of an r-80 Model, AFFDL-TR-66~153,
Teb. 19¢7

Flight Manual, USAF Series T-33A Aircraft, T. 0. 1T-33A-1.
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P-10LA BACKGROUND

The F-10LA is a single place, lightweight, supersonic air superiority
fighter powered by a single turbojet engine with afterburner. The wing has
a full span leading edge flap. Trailing edge flaps have a blowing-type
boundary layer control syster. Control is provided by conventional ailerons
and rudder and an ail-movable stabilizer. Pitch, roll, and yaw dampers are
incorporated, however their effect is not shown kere, Pitch and roll con-
trols are fully irreversible wnile the yaw control is a cable-actuated rudder
without boost. A bobweight is used in the longitudinal feel system. Its

position is assumed to be at the pilot's location.

The primary source of data was IR 1079%, Dreg information was obtained
from LR-1287%.

The naminal coniiguration used here is the cambat loading for the F-10LA

based on actual weight and balance data. The PA configuration is a typical
loading at flight manual approach speeds.
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F-104A
PITCH AXIS Ssaglrad)
| 851' (in) ‘ G
Fsr(ib) 54 ‘1 573 ——é—‘ss(rad)
32 o |20 0o 10
322 [ % | ' T
L— - |
of assumed to be at pilot location 2
Gldeg/in)
ROLL AXIS Sosns("’d)
854 7lin)
LAT 1 2.14
F ST (lb) 27 573 80('0d)
YAW AXIS
Spgo(m)
FPED“b) K(')R_q, ;353 - sr(fﬂd)
20
%E1b/in
< (54r)
Ko] o
o .| 1 | 1 1
(o) 4 8 Moch 1.2 L6 20

Figuwe III-3%. F-10LA Control System
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37

: TABLE III-1
Po10kA
‘ Power Approach Non-Dimensic.aal Stability Derivatives
h = sea level
. Vp, = 287 ft/sec = 170 kt
o o - e
5s = ~7.1°
Loagitudinal Lateral-Directional
(Stability Axis)
Cy, .135 Cyg = -1.17/rad
Cp .263 Cog = .50/rad
CL, 3.4k frad c,ﬁ = —-.175/rad
Cp, .45/rad Cop = ~.285/rad
C,, —.64/rad Cnp = —.14/rad
. Cang, —1.6/rad Cyp = .265/rad
Cpq = —5-8/rad Cp. = ~.75/rad '
clﬁs .68/rad Cnf’a = .0042/rad
Cog, —1.46/rad Creq = .039/rad
Cys = -208/red
i:'_" C“ar = .045/rad
C"'br = =.16/rad f
v cvbd = .03%5/rad
5 Cogy = —025/red ’
Cpgy = —-00M/rad i
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F-4C BACKGROUID

The F-L7 is5 an Alr Force tactical fighter whose primary mission is
all-weather air-to-air missile combat. teral control is achieved by
allerons in cambination with cpoilers on a swept wing., A swept stabilator
provides longitudinal stability and control. Directional stability and
control is accomplished through a conventional fin-rudder combination.
Landing speed is reduced by full span leading edge flaps and inboard plain
trailing edge flaps in conjunction with blowing-type boundary layer control
(BIC). Boundary layer control is automatically induced wher full flap

deflection occurs.

Features distinguishing the USAF F-LC from its Navy counterpart, the

F-%B, are:

FERETL P

o ® Lack of arooped ailerons with flaps down resulting in
higher landing speeds.

® Dval flight controls resulting in slightly ’‘ncreased
control system inertia.

® Wing bumps to house larger main gear wheels resulting
in a slight drag increase.
Data included here was ottained primarily from MAC Report No. 9842,
Special emphasis is placed on the longitudinal control system because of
- its relative complexity when compared to other aircraft. Figure IV-L has
been added to help illustrate this system., Also, care has been taken to
retain sa'nb of the control system nomenclaure used by the manufacturer,
e.g., ag and PFgp (see Fig. Iv-5).

e,

IS

The Stability Augmentation block diagrams are shown in Fig. IV-7. The
roll SAS described is not included in lateral directional SAS on transfer
functions since it is faded out with the lateral control stick out of neutral
position.
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| F-4C
PITCH AXIS
-_— 8sc,clrad)
Feel System Isas
l Gearing Actuator
: Frllt] 2 0569aaher [o1)l-3.36 | ! L_..S‘(md)
. h 0369s° +.208s + .0157qgPer + m 57.3 .05s+1
~ bs
\- See Fig and for feel system details
: Bobweight
1
. 5.3% 8 ft .
3 32.2 ar (;ej-c';) at 1a=39.3f
A
R
-1
: ROLL AXIS
Lo — Sa“s(rad)
‘ S Feet Spring Georing
FYAT ) . ! 8;‘:1“"_)_ 6.25 -3
sy 2.96 573 5p°ih( °(r°d)
=t 1.87 —= 3 (rad)
ARI Gain
35, |-46 SAS OFF CLEANOTgPA AR
38, | -69 SAs ON as, )
—1 33, f—— 8y, p,\rad)
< o YAW AXIS Sramilrod)  Brgug(rad) ’
'. Rudder ,
D Feel Spring Gearing Flexure -
oS i Speplin) | gow o ;
L e - 2= Kerex f—= 8,(rad) i
B
e 4
i . t__
o PL GO \S“ Fig .
e V <235KIAS | 3661b/in | -11.5 deg/in
O V >220KIAS| 8.5m/in | -6.5deg/in
|
: Figure IV-3. P-AC Control System .
.
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2} — e 35,000t 38924 ib
) —--=— 55,000ft .289¢
0 1 1 | ] 1
0 4 8 1.2 1.6 20
Mach
LI
P Ot
BF Ry e < - — O
{ft2) 9
8
L 1 { P 1 | S
0 4 1.2 1.6 2.0
Mach
60k -
Viscous Damper Off Stop :
40k |- b=3.031b/in/sec 27
h K]
(1) “
Viscous Damper On Stop
20k - b =soeo ;i
SL i 1 [ 1 1 '
(o] 4 .8 1.2 16 20
Mach ,

Figure IV-5. PF-4C Peel System Farameters '
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e —— -

PITCH SAS

8 (rad/sec)

ROLL SAS

F-4C
15s

uun B~ - B gasirad)

Py (rad/sec) ————= <265 = Bgg,s!rad)

Pg = P (Roll rate gyro assumed aligned with FRL)
Note: Roll SAS faded out with laterafl controf

YAW SAS

out of neutral

3s

re (rad/sec)

s+5

ay (ft/sec?) ——m= 0i68

1s = r cos({-1.5%) +p sin (1.5
ay=ay +9.97-39p

Srm (fad)

Yaw rate gyro inclined 1.5° below FRL and
lateral occelerometer at F.S.198.0 and W.L. 230

Figure IV-7. P-4C Stability Augmentation
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TABLE IV-1
) e

Power Approach NoneDimensional Stability Derivatives

h = sea level
vp, = 20 ft/sec = 136 kt
11.7°

Lt N o e St ‘-'.' L - . v'
L . ,_.,.- . . ./- o B ‘-:"..\',A‘ . B R .
*oe e s ATRYSRERINIA W + - L0 UQUUABNAV.INS 22 RRIIANE ARSI, e 1. (Nt st e Apar i s s bethat e o

ao =
5 = -9.1°
Longitudinal Lateral-Directional
(Stability Axis)
C. = .915 CYB = —.655/rad
B Cp = .2h2 Cog = .199/rad
: €, = 2.8/red Cgg = —156/red
. Cp, = -555/rad Cop = —.272/red
B Cng = —-098/rad Crp = —-013/rad
; Cp; = —-95/rad Cgp = -205/rad
: Cng = —2.0/rad Cp, = —.320(rad
; Cs, = .24/rad cyba = —.0355/rad Spotler
= = =322/rad = ==
: Cag, 322/ Cag, 00u1/rad Eftects
| cbas = —.14/rad c,ag. = .057/rad
: = .124/rad
: Y, /

Crg,, = —-OT2/rad

Cgp, . = ~.0009/red
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Chara-terittics for the F-L Alrcralt, MAC Rept. F218, 16 Dec. 1966

Bridges, B. C., Calculated lLongitudinal Stapility and Performance
Characteristics og §§e F-EBZ:Z_E_EJ ai_ig RP-4B/C Alrcraft plus the
ASA- utomatic F it, Contro. » MAC Rep I,
19 Apr. 1563 o

Bridges, B. C., Calculated Lateral-Directional Stability and Perfor-
mance Characteristics of the F-LB/C/D/J and RF-BB/C Aircraft plus
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3 May 1968
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SECTION V
X-15




————

-

T S Te

X-15 BACRUROURD

The X-15 is & single-place, rocket-powered airplane designed for flight
at hypersconic speeds and extreme altitudes. The airplane is carried aloft
under the right wing of a B-52 end is launched at an altitude of about
15,000 ft and a Mach number of about 0.80. After launch, the X-15 performs
& powered flight mission, followed by a deceleration gilide prior to vectoring
for a landing. With this operatlonal technique, the airplane is capable of
attaining & Mach number of 6 and can be flown to and recovered from an altitude
in excess of 300,000 feet,

Flights to high altitudes have been made with all three of the X-15

airplanes in two configurstions: the basic and the ventral off. The basic
configuration is considered here.

Aerodyrenic control is provided through conventional aerodyramic surfaces,
with vertical surfaces used for yaw control and the horizontal tail for both
pitch and roll control. A3l of the aerodynamic comtrol surfaces are actuated
by irreversible hydraulic systems. Control force is provided by bungee for
pillot feel. A conventional center stick is used for pitch a.nd. roll control,
and rudder pelals are used for yaw control; however, a side-located stick is
provided for control of pitch 2nd ro0ll in high-acceleration enviromments at
the option of the piiot. Most of the X-15 missions have been made with the
side stick, although the pilots used the center _tick on their first flights.
Only the center sticx control is shown here.

The augmentatior system shown in this report consists of angular rate
feedvack loop. about all three axes., I addition to the normal p -= 55 roll
SAS locp, there is an r -= 85 feedback known as the YAR loop. The gcins for
each SAS loop are maruslly set by the pilot. Tre SAS-on transfer ﬁmctions

given for this airplene assume maximum gain settings for each loop. This may
not have been realistic for actual flights.

The f2ight conditions considered for this airplane are all for straight
and level trimmed flight. This is definitely unrealistic for this airplane;
however, the intent here is to show gener: . speed and altitude variation
effacts,
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X-15
PITCH AXIS
—_— Ssg;5 (rad)
| dgrlin) G(Ss)
Fs‘r(lb)'_"__"' 55 ] 573 | Sslrad)
3
3s(deg)
(ren) 52— =9 9 19 20 (ven)
deg
__GGHF)
ROLL AXIS
—_— Sasaglrad)
Sox lin) g
| ST 1.55
F;’:T(lb)—'—"' 77 573 7 Solrad)
YAW AXIS
Svs‘s(rad)
Speplin) . ,
| PED 2.3 -
FreolIb) —— 5% =53 ——é——‘ _ 8,lrad)
Pigure V-3. X-15 Crutrol System




PITCH SAS

é(rad/sec) i

ROLL -YAW-YAR SAS

ekt as Ukl I e MDY B e e (S s et e ' .
kP M S I K 4 g il e  d

Roll Gain

p(rod/sec)———a-%\——— -50  f——=8,,(rad)

=90 Yar Gain

. -

Yaw Gain

= 30 ‘———'-SvsAs(rod)

r(rad/sec)

Note:
Gains variable in 10% increments of the
maximum values which e shown above.
(eg. roll gains selectable cre .05,.10,.i5,
.20,.25,.30,.35, 40, 45, 0nd .50)

Figure V-4. X-15 Stability Augmentation
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The HL-10 is one of a number of lifting bcdy research vehicles. The
airplare is typically launched from a B-52 at 0.8 Mach and 45,000 feet.
In numerous glide and powered flights the HL-10 has been flown in excess

of 1.2 Mach and 90,000 feet.

Following problems involving the loss of roll-control effectiveness,
the leading edge of ihe tip fins was modified. This became known as the
Mod II configuratioan. The information contained here is for the Mod I1
Bl~10.

Pitch and roll coatrol is obtsined by elevons and yaw control by a

conventional rudder. A subsonic or a transonic configuration is selected
using combinations of speed brakes, elavon flaps, and tip fin flaps. These

combinations are specified in Fig. VI-1,
The stability eugmentation system consists of angular rate feedback loops
about all three axes, i

The flight conditions shown correspond to actual flight test points. P
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HL-10

WAL L T

PITCH AXIS ¢
ses‘s(rOd) ;
Feel Spring Gearing '?
I SST (in-) G s
Fgy (D) —— 55 —1 73 —-—-(%)——b Se(rad} g
f ]
5 uided 3
-20 -0 % ) . \
T I E _
— -2 ;
\\ G(deg/in) i
— -4
—{-6
ROLL AXIS i >
Feel Spring Geoaring
LAT,.
LAT ] Bsr lin 43 5
Fer (Ib) . 55 ﬂ =3 o(rad)
YAW AXIS
SUaQS(VOd)
| Beenlin) [ 3 o
Fpm(lb) - 553 ] 573 8,(rod)
Figure VI-3. HL-10 Control Systea
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HL-10

PITCH SAS

:
!
]
¥
g
X

ROLL SAS
o(rad/sec) ———>1 -2 ———-—saas
e
;
YAW SAS :
As : . 3, i
r(rad/sec} —=1 <733 — By as 5
__J b

Figure VI-h. HL-10 Stability Augmentation

I3

Ll PP . A tee e e e DL
R B oo : Loa
O e - e Sk ke M

142

iR

S,
UL

PRl
"

)

I
= _ard




e rye By e e AV ETRE RNl

[

YooN

- e r————

LTI S u

oA —\WFJ.JS 4, ..... Pad
.. ,
; ...‘.,., N

H000'08 =—cew—
400009 ~—
H000'0b =—e==
$000'02 == ==

IS e

@

143

ol
(Bop)
o°p

2

kR




b

S sta,

P V)

IF o

-t - Y .gt

<l
3

-
)

A

v
Wl X vy

‘‘‘‘‘‘

~ o

91939
Ol-H

hibaa FX ORI

Yoo

-———— e wam—

400008 w—=seom
400009 e wme
H000'0Y e e e
400002 =~ ==~

1S

0

-~

10

k)

144




A A A A S IR MR - L SRR -\.,\r”g‘ S iui.ﬁl.d‘l’!’ W NI g T PR s A R
v-
\
/'
i /P // .
' oe gl o'l i . \ 8 9 v ¢’
e p———t 1 ] ID, N 1 r 1 | 0
~— ! ! \ YA YL I T |
O . N\
~ ® // \l/
/ll // /d \\\ /’
-~ ™~ . Y. \ -1¥
& (.Po2)
®g
4000'08 ——-oom N k 9
H000'09 ~=——m -18
#0000t e
419949 H000'08 = =—=—
01-1 1S —
" ° —21
¥
YoOW
03¢ gl 9l i r4l 0] g’ 9 v rA o)
T T _ ] _ _ T _ _ T 0
-1
e > s a———
—— —
#.Il YRS wo®
% 7" ® (,.pD4)
SN/ 1-
—€




ar 3{:

R
!

o At

l-~ X
Lo

‘ — . .- .1 ML SRR T WL R
_.. = SR
~ 8- o
. (,.poi)
O DD (D Doe :
,G/GI —4¥- .
L 1 | 1 ' L o
02 9l e oow ° | v o
\... .
| b
HO000'08 ==eerem
2218° ¢ 400009 ~—— wem
ﬂ— ww¢w \,.. ﬁﬁooo-°¢ —— - e
01-7H 0. N ! 400002 ===—- . t..ﬂ o0
S — .
s“jl / .UE
— > SRm—— c\\\ lll'l-nv.\\ . 9
S e — oyl - -
e — ! .
1 | 1 | | o)
02 9l el 8 14 0




~ . PR .- P - . o - . e Core e e tvee) At e WS Lot _ab b o b o4

-t n-l
: H000'08 ~—e-m
: 1400009 — —
H000'0t —=-— .
400002 ——-— . ~2-.
02 I (o
e o *tug
. \ - -
\\
) | ] \ ) o
02 9l 21 '3 Y )
<
20! -
. 02 9l 2 HIOW ) ¥ 0
..H T T T T .| Y
Il

q199v9
Ol-H

P e

PYTIA S S




PR @ ot oy, s -

ey mm vy
L BT
. PRI 3..:..[
® LN
il
N N CA ”.
, . v -
- BT :
. . b i ¥
-~ e
. . N -
el -4 . ”
- . - . - - s - e St g "o sancé

= — OQ\“\@ -
—w 4 '
\ -1 1=
l ] 1 P ! 1 i 1 ] 0
8l 9 vl 2l o'l 8 o v 2 o
. VRLT
gl 9l 4 r4l ol 8 9 v ry 0
_ I _ _ """ _ _ T Y
nllllll'l.l - —
. (,.P04)
o — S ©eR . de 8y o
—=g- - ~—- *
/l@l\\\\" - n-
-"\\
$000'08 =—crem
s|xy Apog H000'09 —— .
q4199+9 H000'0p =——cem -{0'¢-
Ol-H $000'02 ===—-— g1- :
S —— (,.P04)
~o1- o
~18*=
N 1 | ] p 1 _. _. 0
8l ol "1 2 o1 - 8 v 2 0




T ey
P T T A 30 0 ST w1+ AR o a3y e paTeem s RS SRR
- m.l
. — —Gl : ———
. _ R - ¥ (,.Po4)
, . | . , C s : d2z- sco
L | | L 1 1 | | l 0 .
8l ol 1 dl rA 0} 8 9 14 e 0
_ T T T - I _ T T 0 k
-1 (,.pod)
4
. - -2 o]
yooOW . -
gl o'l - d 2 o'l g 9 1 4 -4 0 b
T T T T ~T _ T T ] 0
; 1" G.poa)
Q.. . Q
“ e M
4
o < sixy Apog :
Ol-1H -
Je-
T T 0 —o—o- L o
. .. O 4
o=l —!'
1 i | L | 1 L | l 0
8l 9 14 rAl ol 8 o 4 e 0]
yoow




0
U0}§28}}8p U0IB||D §}9]
puD 1yb1J yioq 4O wns | °g NS dvo
Yoo
gl 9 A 2l o'l 8 9 ¥ 2 04
1 T T T I 1 1 T T
—— Jz0
wl—— J
——— I"@ '/ qo.
,, —
— @"
0’ ‘\ul/ I-\@\ \@oguo — - wo.
400008 —--— Se—v N - 80
$000'09 —— = AN
HO00'OY =—e o
4000'028 ===—-
W — lso-
| N\
s|xy Apog QN/@\V 4 90'-
919949 PN O / i
Ol-TH \ /l.s\ N -~ \\ V.’
A 5 ..\mw\\ - z20-
-~
1 |yt _ / | | _ i [ Jo
81 9l ¥l ol 8 9 v 2 o)

DQGO

(,.poJ)
oﬂh o




—1N

dz0 :.8:
4
QNO

.-...‘ ’ 4

10’

s|xy Apog
Oi-H4

8 F T

A

h

m} 3y

vl

o

~
=




., -., Jo e e e e ey
v . : . o
S . o i
h‘ 4 o
* * * *

0z*1- et oz°1- 0z°1- oz°t- ozet- ' J2t- ox-1- 0z° 1-

*0 0 ‘0 *0 ‘0 0 *0 *0 0 *0

0 0 0 0 0 ) ) to. 7T 0 0.
0y 1- ov'i- 0y 1- 0y 1- 0¥l ov 1= ov1- 0 1- o - ov t-
089 059 05" 9 06°9 - 059 05y T 059 06°9  0%°9 (1)
0°s1 *el- 0%se- 0°92- 0°62- 0g2- 2°92- 0°92- 0*¥1- 0°z¢-
crt oute 2wt 1°91 2evt 001 551 »01 0°81 eeot
*s02 *501 ‘92 a4 ‘922 621 *981 *9ve ‘1 “15¢
3¢t £°5e L6t 961 “v61 1 te9 cl0¢ 9ty ‘6
sa°c- O T T L€~ '€= B1°€= . SL€- | BAE=  LEatee
* o0k * 60§ o8¢ 8¢ 08¢ *668 * 66 ‘e8¢ s8¢ ‘66t
“L0vL “tone “LovL 1091 10wt Lovt “tovL "ot “Lovs 7773
“€1y9 *ilyy ‘Clyy *E1e9 *‘€Ele® *C1v9 *£199 *Elv9 ‘give *Sive
N3 113 113 13 313 373 3 *ESE1 | €561 13
Lise L% L1se s L18° L5 Li6e Lt L5 Lise
*99%9 *99y9 * 9999 *99y9 999 ‘999 9999 °99%9 *99y9 ‘999
‘vz s ‘e 11 *v52 78] 12 ‘e g01 ‘g1¢
998 ‘69 *1€9 M 1 1 M 144 i 78 1 111 LTy ‘482 ‘uze
‘959l ‘0911 *y901 *028 ‘el 629 ‘119 *0zL * 00y 313
051 gz o1t ose° o0e* 0co° 229° ooL* oss* 005
» 2 » 62 R 18 xn.& % 8€ L1 N o€ » 2T »n » €0
ot 6 . ¢ 9 $ v £ 2 1

WL =2 ‘3309Ct=q ‘I O/l ="

FAEIINVEWE NOLIIONCO INOIIL GXV SEVM ‘TWNOISRDGA Ol-mt

L-IA FTEVL

.
i

Yo R
B
[}
1

R T
o .

b} 38.3.::-

.

¢

: :: :..3: )21

.3 :-s:. 7
! ..a :.3._: At
- (o :.B.:. _:
A .8.:.9 o

NTLILE
‘.23:0;
L (SYANI0LA
. T 1844101A
S . =

X 1IN

o 9

19301 YHaTY
LD s

2

-




. - B - ce- . R ~‘ R R ..!.l.-.al»i«.
. L ‘
’ . . . ' .

O ts AMLG weese w s - s —vos a e - o v s ¢ e A
. . . * * + * * ¢ * . .
Co €6°v-  €2'v-  T°u1- L Y T SR L DR 5% 1 E L1 N [T,
T peazs  g°e2- €'i8=  CEfl= ull- 0%6e~ 188~ c09l- M-
' Loy 1z iege 9°92 rz2 a2 tee . 9kr
T S L T 1 RSN Y S CURT'? TS 'Y LI T N T )
. ‘v ) 0 *0 *0 *0 ‘0 "0 ‘0
L *0 v °0 '0 *0 ‘o *0 ‘0 ‘0 -
S “w v o 0 .0 0 0 .0 ‘o
A £6%00°-  €99C0°-  Z9TO'~  ¥VINC-  6E10°-  9¥500°-  2CT0°-  Tv10*-  9910°w
; - - 2Ee- Llet- 2eec- T62=  ESet - @wl= 8-
. €£620° cve0° €9L0° 1680° 8y10° 1240° [Y ¥ 30 Le90° 8,—. .
BS200°  VIlUG*  ¥LY00®  61vC0°  00%00°  9E100°  L1203°  §2Z00°  96600°
2900U9"  95030°  ¢vdg0®  2al0°  B210°  €¥lo*-  SL10°  AIvoc  2210-

etV - 0020°~ L650°~ 8990°~ $280°~ 10°~- tece - 0920° ~ 1090° =

ue i ozl o1t 956 ° 008 069° 3Z9° 04° oon.. i
y L LY ¥ (s % £ % e( X0y % 0¢ nee u N
ot [} 8 L 9 $ A € 4

(wo3wAg w3xy Apoq) I ;
SIATIVATEZ TVNOISKYCQ TVRIGNIIONOT OV~TH . B
Z-IA T19VT S N




. o i — - S v
K . B o .
. ‘ s ‘..w.\'. .- 1
vyl TN oree 12°21=0  (*61-)  (9F°3 ) €°Zl=) {1°01 ) {666 ) (0°61 ) v .
189u0° fo*1l-)  2el0° tes11 ) (@501 ) 181°5=)  Z°21 )  (¥9%6=) (99°6~] (§°81~} - TiemT e
. aszur MY Twsve 1L50° 120° Zy10° LL10° s220° 10c0° §y%0° Riatvigsn - . L
#0T0 = Ostuvt  2llo0° 29000°  QI600°  €1900°  t8600°  {O10° £010°-  9120° eV e
ve'l 00 1= 10 1°82- R Cct- §°81- Tt~ vz 9582~ 162V v :
. 1 VIV N
N se¢ 189 L9°g 90°9 82y 16°6 - 099 sl "y €t oML/ ,
Loty 167 ¢- 81°9- 056~ £6°6- 109~ 22°%- 91% 9=~ £ 6- b9 - 2t QI 221 e
A $129° LY 2690° 2620° s610° 5920° s2¢€0° L020° 0§90° HKIUIVA PP
zee2 942 0" 241 T¥3 *601 tR) 0°26 ‘591 0 3 11 t oMy . :
t 307 aWIN
.. .ru.w..».,. .
o fo1* 1990° €2 692° 266 6c2° euce veg veE® N 2N /1 .
. eees” talo® £us0* s6s0° 9920 g120° sL10° vozo* v 0ve0* WLy ,
X £ 5 §2° > 2°v1- 1°9t- z*91- 16~ $oq~ 91~ 16° 8- 082 TN
€ 30730
: - ' Lo ’ . . aAv..\v:“» :
‘p€2 71 T2y 119€0° ) (9620° ) (8260° ) 9°%L v*99 (0690° )  g*2L L wyast
stive 910 ¥9E0° 1168 ) 629° )} (89%° )} 1510° 22v0° (192° ) 00%0° zt ‘wpast
s o Vo300° vzgo* 901 *%01 26 ¥$900°  9212°- ey 9s10° i
. $°22- s 0z~ €5y~ *€ei- 2= o'gh- L1°08~ *08t- vi- 22~ o
. , o . e 36/,
%01° 211 (T} PYS N ot ) %61 co92° 69¢c° ve2 2 0 T N
L o9 Liyv® ecs® (zo%* 1 109 se0° 299 2ig* T 1 Do
“s€2 ~at ceLl *001 et otL Ll 1°99 9°9y €2 LTI S 72 SRR }
9575, 10°w 91z $°6E 962 1°22 L2 Lece 9°g2 1'8¢ t Ny . ¥
= I I )
swLveEgw < . b
¢ : . :
o .,,.“.,,. v
oz 19°2 2y 6L°¢ §6°5 68°1 952 s2°¢ vo°2 o'y zasaix 0 M
€lng® ess 0190° 16400 ¥610° st gote yot1e sot° oo TUAPONRLD e e Ty 1
»7€0° 6020° 1€x0° €90 9490° 1590°* 2690° teg0° a1 0940° (478 ) L R . :
Zoe - 60v° 169° oty 925 cEge €9 oy €ez OIS LY L SRR S
- YOLYNIWONDO ;- ... i
. %1 ozt otet os6- 009° ve9* 329° 0oL o8c* 008 . e !
Loy ¥ 24 ¥ <. ¥ 1% % 6o T3 % Oy LT3 xee % 9 ¥eo LW
NSL] o . e L 9 $ v £ ] ! you . y
R 3 : o A
w".,v,‘ (we494g etxy Lpog) e

SYOLOW NOIIOMN SRIBNVL MOIVARIR O\-IR : S .

€-IA TGV




T P O .
2wl (e ) 0c22 (2°21-)  (v°61-1  (92°5 ) (E°2T~) (1°01 ) (§6°6 ) (€0°61) a2y N
(9900°  fe°Li-)  2¥10° (6°f1 ) (951 ) (81°s=). (2°20 ) (v@"e~) (99°6=) (6°81=) TH43vI2
95¢0° 8L g es0° 150° e120° tv10° LL10° $220° - 1060° Eve0° Ttd2VIA/N A
Wolu*=  0sE00*  L110° 20100°  91603°  £1903°  £0600°  1010° $010°-  9120° IPILIIARE :
Vol 20° 1- 10°2 192 11~ £ogl- - g°0l- 1ot vvIi- 9°62~ te2vIv :
. t 34TV
L0° Vet e 19 29°% R 02y 15°5 099 g%y vl € gHIa/Y
S| Lo*9- - ¥iov- 05°5- 66~ 10y~ 225 919~ £6° ¢- 69° 9= BRI
: 910 v120° L299° 2690° 620° 6610° t920° s2¢0° 1020° 05%0° T 0w/
. 2% veLz 0°24 €2t 601 26 026 * 691 ' 72 I ¢ OHIY
- T . € 307 QNN
o1 1932° 152° 692° zeee ec2° 0ige ves* veie 909° Camt
avzce t610° I 6650° 9v20° e120° sL10° v020° €2y0:  .0v0° N {1 TV YV
Eaty- €2y Zoyt- 1°91- 29t~ L6°L~ €21~ 991~ 15° o- 092 ,
562 7% -2t (15€0° ) 19620° ) (BLE0° ) 9°wi v'99 t06v0° ) g2l
»110° v910° 99¢0° (166° ) t629° ) (89¢°* ) 1%10° TZyo* T taeet ) 0060 * ! 1
1LS00°  9o50C”  02F0° 801 %01 PR §§200°  JZ1d°~ g9y 9s10°
§ae- §rue- £'¢9-  *CEl- 2= 0%63- ' L'96= 7] GO TP ‘22
Yot 2 oste obT* (*s01 ) 9e1° - g92* boE* "98z* ove E
Lyoe 27 W o€ (zov* ) 109° 669° 290° 9¢s* 9% °
To82 a1 21 *801 3% 0L 1oL 1°99 X §°22
we's 197 912 $r it 962 1422 Lz Lege 952 1°9¢
{80/ NN
SUIAVYINAN
T T 6€° Y 10°y £9°¢ 10°2 T ey 08¢ 9to0* Z(1300M
15 1% e YyoL* L9 698" €08 986° 16¢° 26" * (1,0 L0
. ir00° PRERD *150° 0390° £290° 150" 1960° te0'¢ ) e0.° (€401 ) TiAR0)N
St e St saL* 629° €os* s1ge 24¢° 99°z ) e 2y'2 ) 113007 _
v S , ©© OLYNINONRO . _
- : o
s 3 9s° 1 0z°1 o1t 0s6° 00s* 0s9° 39° 002° n9g 00s* SN
&.&. ' ¥ T T % sy ¥ o€ ¥ 0y % 0€ % 22 y 91 % €0 H -
- ot “ ¢ : 9 % ’ € ? 1 ¢ o2
' (magsAg wixy Apog) ey .
| w £VE : IR
: SYOLOWE NOIIONNA HRASNVHI HOIVAR'X Ol-TH R :

n-IA JEVL , |




”
e e e e s e s reia o w g wmre  seimt s Amemm . ¢ v we W s Laames B meTPl RS Lo .’-".‘Q..l\“
o .
P ‘..\.‘ .
o h i R
| . . e 5 ame T
. * . . . . + . . . + R .
o st1e tovo- Lot 902° RID cae bot* o18* oov* otse ,_.,..82.,9.\.. .
o oo e e b
. syl [ XA + 12°2 €9°1 9¢°1 teL” 260 6L° el [ Lo .O\UU&\UIm\OC.‘o..\‘.‘U o
1wl $°Coy 26°0 18°¢ 00y Q2% 1y oL 9¢° 6 g0 ¢ 1070200 o/30 w
vi'y oc°2 T e 2 ¥y ve'y o2 ey st (OVe/91 - YIN
*990°~ ¥90°- il - 91~ 99¢0 * = 642000° 'el0° - €EN°- S0v00°~ 1= tin /9309 nq_.-.o.\.aﬂwc
o014 WS .
0451 DIANY o1t (-1 % 008 * 0¢9° 029° ooL* oet* 006"’ ol ¢
> 2L » st PRT ¥ se ¥ 9¢ ¥ oy ¥ of ¥ 22 9 % 0 o
ot 6 9 L ° . v £ 2 t " 94

(weqshg syxy Apog)

]
!
[

J30 8vB
SUEIDOVEWE SELLITVOD ONTTOIVE TVIIGNIIONOT OL~IH

G-IA FTEVD

. e e




[ . LT 3

P LI T YT

ee gepp g

S p NN AT PR NP

0 L 88 &4 [T94 £ I3 A4 10 09'd- [ 124 23 16°C- 4 84 13 FY A4 D A | A € 901~ Wi oN
B L7344 (4 244 089 €s°9 20°¢ 20y 19°% 0°¢? r 4 43 [Ad 3] | ,S.J
Li400° LL900°* E{V2 {+Dd [ 174 Mg 08zZo* 1520° 2Le0* €ss0° €L50° (11 1"Ad W3 eA
26K "t- €090 €91 9.°2 €y*2 (2841 12 [ Y54 1 %t [ 44 ¢ . Y0 «N .
' 9% [ % 411 1°9% t4d 3 s° ot 1201 oL L°0¢ g6t 0¢9¢ va:+Y }
' ‘0 4%1000° oosul* - 00600 - 66600° - 92900° -~ L¥600° - 64900~ Y010°*~ €24V0° ~ V0 eA
w5i0°- vi1v0° - [1°2 8 L1 AR (12 4K 29t*- (1€ 4L 14 1 S0 | LT ok [} '} A X, ]
oet* [ X4 2d 1se° L6€° F¥ 8 A 1114 t4 %4 ozs* 19¢° 911 o
% 000° 99€00* LLe00" T8V00°* 6110 s110° 6L10° [+1 4 Rd 6910° OOF.Q.. N
102°=- sL1*- 426°~ 129~ [+) F L Lo’ 989°- €11~ €24~ [ 128 B 87 m
6y o °f o'ty [+ 2] 421 (€341 (YR 1et 1% o°€l +ON
[ 3 2% %2~ L°09 - [34 ¥ 2 ¥ 1L~ 0 9€~ 6° 69~ | 47X 1°€Cy~ ‘Tut- (X Al
‘82t 0°v9- ‘gt~ ‘Lo~ ‘21~ 208~ ‘e~ 4 %44 €69~ ‘wiz- OA
t$8Q°*~ $940° - | YRREY L2V A 091°~ oyt~ €02°~ P44 2 €Lt~ e - AA
os*l vet o1°1? 086" 009° 0e9* [ir 4 M 004 [ 13 [11:] A . ]
» ¥ $¢ » 1¢ A €Y % 9€¢C » Uy n 2¢ % 27 » ot % €0 ]
ol [ Y 9 'S L] [ L/ [ 4 4 1 [ -7/
* * * *
(WRAi8A8 SIXV Xq0€)
FSATIVATERQ TVHOZSNENIQ TVROILOWIICIVERIVY O\~TH )
9-IA FTAVL "
e & -



€Ly tel*t )
L ¥ B teHe” d
L1200 L19°-
oy " wguo*
90° 691
ye° 0
St1au* te2u0°
[ 22°%
95"t t»1%2 )
0¢° ¢~ tov2o*
[ 111 tot”®
ot~ £030°
gLl $0°2
AR 1 Ze20°
19600° - 6€c00"
st (%441
v2L0° {*ACEY )
(V5 N teglt )
*180°
$6°1 2%1000°
9%°€ (YR
Q2¢0° 6L10°
vzl 1w’
1020° 620"
Ow 1 oz
»u n $L
o1 6
* +*

(11941

(L96Q°
e -

(TR
062

19 38.]
tov0"*
c°*91

tr 9 )
tyfvo*

site
wet

92"y
19%0°
1110’

L9t

102°
(A1 9

‘r0€-
06500° -

129
?1s0°
(1T
§$1€0°

o1t
® 18

(1295 )
{L8v0°
ez~

Loz
1°st

L8y
veso
9°L1

(g9 )
195%90°

191
L7k 4

E{ 34
11110

€9L00°

2ot

f1€°
9£90°

*E6T~
00600 ° -

1$°s
y160°
[3 19
L9%0°

Oub*
A S

tyg°s ) (sz°2 ) (2*€ Y (€C*s | tet-¢c }
{eL90° 1 tiev” ) (SR RANE] (E€6Q° § (o21° 1}
912°~ 96y° - 0~ 06° CLEE -
96t° oo2°* 982° L2 ¥ St 1n2”*
[ AL 1% 002 j 5 14 €°29 £ 0¢
L2 30 (134 29'€ 49°y 9y¢
1v50° gosC 20L0° €500° 1092
1*61 9°C. 9°91 1°62 281
1eg*9 ? to1s ) tLv*s ) {19°¢ ) tiets )
togs0° 3 {6150° ) (OSL0° ) o1 ) 15210
L9t 8s1” 61° L 142 LT
cy 2 at°t e | 404 % 961
09y e0°2 L9°% 89°y [ £ 34 1
1890 1660° ©690° 2980° 180
T0800° $6E00° £8600° ozlo* 15190°~
[ 34 1} L ot oLl L°0¢ g5t
1€’ 912° [ S 144 1%¢° [ T1d
ot 198° LEC* [25 2d 943"
*EnZ- ToEs- ey~ 182~ ‘v~
66900° - 82500° ~ LYy $00°* - 61900°~ 5010~
(2381 0"y (3384 L s 6ty
2090° 6150° 7910* Lot* LI
11%° $92° [F1% €89° (319
8cH0° 0%%0° [221-M 60%0° 96L)*
00%° 0%9° ore’ ooL* oge*
» 8t » 0% % 0t ® 2T % el
9 1] 14 € 4
* * + +
(YEISAS S1XV %q0d)
JF0 8YS
FYOIOWE NOTINNE WEIBNWVLL RONFTIV O\~
(-IA TIOVL

)

(so°e )
g2 )
$9¢C°
€02~
600

yiL°y
Tot*
9 °v€

1699 )
tpoi )
(1.1
[ 134

£a's
£01°
S0
g 9¢

LRG*

- Sl
I3
L2500~

¥9°$
2€1°
2te’
o9vo ",

004"
¥ €0

StyAvI LY
€LaAviL/
21 dAvI LY
t1tdavia/t
{dAY Y

U YU/4AVIN

tIHdIn
(e
tIHdIY
t YO/ IHE N

1
1

€t ¢..md.
FTR 1 PYA
W

t di¥
.49\;.7

( vy/ SN
SHOLVHINON

11130914

1122007
14301
N
WILYNIWON IO

o
"

¢ /4

P S R et T

158




Py ST

i

1o
9° 1t
[ 240
ro2y°-
69°2

£9°y~
£6°Y
L LA

1¢e2
»2£0°
11110
[ ARE 4

€Lc

2Le-
638600°~

9°C

‘Owg
193
911L"° -~
tien0”

9yt
Geto®
1745
toZo°

[/3°0 ]
¥ 2

[}

(9°76 )
(9s1° )
[44 4

€rtot-
(L R RS

s €~
9y°¢
[S 2K

Lol
tys00*
961°

SLt -

*9uf
Gt
tzZu* -~
Lo

[ ¥ 04
sLiv*
tele
6970°

ozt
» 6l

1$°9¢ )
(6920
LA T4d
1L10°
20°1-

(384
¥2%5 -
L3194

19%c
€10

sit*

8-

19 2
vy
LR R{ A
(13}

£t

96¢"
vayoy*
2020~

té's
LA TN
Yol
51¢0°

o1°1
» s

N ,‘“ AIET SR RO hq...l~ M Wi %
1°%e~ (6% ) 16°1s | (§°te ?
1 o' 6¢ (6€1° } (Lo ) (g21°
262° 092 [1 ¥4 o€t
910°~ L590° - €o€0° - Y040~
609° LR 2 A - 166°~
199 L9°9- 21y~ [ {38 4l
09°¢~ 06°§ €0y 99ty
0s°L s [ 254 19
(134 1 [T 281 16°2 L2447
$500° 0€80°* €990° 26 60°
191° Lore 6s1° 261°
Q9 9y~ 99~ 18t ¢~ 2l ¢~
[LALES $L°9- 05~ €66~
Qs Zv°9 i1°y 12°%
§»200° 20900 séto0* £9000°
€5°9 ze's L8 L9°9
192 *el2 °s61 *18
ofy* 996 ° [ 3194 90¢°
By£00* Ir200°- $0t0° - ¥56100°~
€czo’ 0920° 1s?0° 2L€0°
19°$ *y°% z0°y 13344
vi$0° 2090° b16C* 19407
(118 L1y $92° §€°
49€0°* %€90° [+ 2404 g9s0°
036° oow* 059 0z9°
» Sy % 8¢ % 0% » 0%
3 9 11 Y
. 4 +

AP PR T PRI GRS A VO

6 €9~
[ A 14

€1o°
$010°~
eL6°

[ 308 3
Ty e~
?°¢t

02°¢€
[ TS
2’
LL e~

61°9-

109
o210

0°¢l

*00?
1g0°
£8100°

€E$50°

Les
Love
€89
6050°

ooL*
¥ 22

€

(WIISAS SIXV ATM)

430 5VB

9°02-
2Ll
00¢ *
£y -
2e°

195~
¥ 'y
aL’s

['134 4
919)°
Le2*
1e°¢-

22 ¢~
ey
8€200°~
[ AN

1t
120 °
SiEd* -
€$290°

[ 1384
LLLd”
[1 18
9%6LI"*

ogg*
%9

L4

SROLOW KOTLONOL EXAINVEL wxaumy¥ Oi~I

[ -

8~IA TIUVL

[P PP U e,

6°€¢C )
(o21°* )
199v°

[ 1) R
to°c~

96°9-
989
[ AL

89°€
€or”
P08
L A A B

99°8-
162
oto
g €l

‘e/vl

11°1
11100
940"

'9°’g
Ter”
e
8Y80*

00¢°*
¥ €0

LIRS ANVAS
€1 dAYIL/Y
TLAAYY L)Y
TLdAYYA/Y
tdAV)Y
{ M7V IK

I {RLEINTA!
LIRLLIFVA
t1NglY
{ 40/1HeIN

« aw
{407 4N

o
€ 9N
2 Wan
A LB VA
t niv
{ w07 @)K
S HNUVNINON

1(L30)n
Taen
13044/t
1Hi3urarst
YOLVNI HON 30

L
H

# 4




. P . .. R VORISRV T o L g ]

L1341 1y1°L ) Wwy*9 ) 1y ) 1659 ) te1's ) tives } tie's ) 1188 ) (99 ) st AN
0% %~ (9920° ) (9990° ) (9650° ) (9960° ) (s160° ) (OSLO° } to21° } (g210°* ) le¥l* ) (YR 1PV
o’ (14 % (/14 ofe* [+ 14 3 0¢e”® or¢’ [ 14 3 [ ] {44 1134 2t W/l
[T TN (28 19 Lot (118 2ol 99e2° 192° (X1 1w e
26€°~ €990 ° €9°1 9L €9°2 o1°1 112 €Lt 76° 1 6€°€ t uiy
t va7 WA
. LsE” Lyy* 61s° to*22 1 oLs’ (T4 0 [J1 3 yiv* ey’ (7113 1{ dn
o9y* £09° 168° (599 ) y16* 2aLe osL* 099° (17 | | A4 1t 4n
" Lot 6ty 12 19¢* 912 £ 9N bt 1y 03 0 vy W an
19600°~ bEE00° tro° ¥%L00* €0900° $6€00° 59600° 2210° $EL30°~  §220° tH ot
2w €2 L9t 20 et L0% oLt L*0€ $°61 0°9¢ ( diy
‘t val  dIN
‘LYEY 13 2 ‘gye- *262~ *916- * 1ty M 19 o ‘g€~ *0cu~- LT IFVA
(T34 / ol*e 6°9¢ 1°9% L€ 0'€? s°Le [/ A4 73 1°§2 869 €t enn
1560° Je1° cite [T 8 591° L6 o61* 2€2° [ 1754 Yot {1 VA
2Loo” LL200° $6200° 80900° 2%900° 66€00° 16€00° 25€00° 00930° 9L €£00° LI IFVAL
g6t 951900° 05500°~  OUGLL®~  66800°-  8TH00°- LYS00°~  6L900°- 5013 - €2600°~ { v
t vG6/ @I\
SHOIVWINDN
€52 ts*t W'y Ov°y LE°y e €9'€ (0°wt ) sL°t 0°2% ) 1443010
Gon® Y1 809° 90L" t49° (113 60L° tro*s ) (1N (es°L ) 1413007
(258 ] SL*y L9l 04 Lt 9°€t 8°61 ot*2 9°y) $6%°2 £1130) 471
o2t 2, 9s1°* 61 $12° Lot yeoz* 692° [ 184 €2 T{REIINVA
€LL00G°~ 69200° 02900° $$600° £€£500° 92€00° 15900° 92900° to020° 1$400° MIPELIBTA
WOAYNIW N O
01 YR 011 Owb6* 008 0¢9° 0T9 ooL* o8’ [<[{134 ]
¥ W n St » s % 99 A 8¢ % 0% » 0t % 2 ¥ 91 % €0 H
ot 6 q L 9 ¢ R € 4 1 # 274
s . . . » . + . - . .

(WAISRS SIXV XQ0H)
uo gvs
FUOLOVE NOIIONNE UEAENVHEL MOWETIV ol~IH
6~IA ITEVL

. cae -
0 NS Qi poT—— g el roAReL AR S S P B3 v A AR AT "
S A LA A S D SRt YR AL VIR S ....-..nﬁv.. NA.I;A..|. RN .\. R




Pve - o — = =

Caoiy

'

A\ DS ..f: a gt

to'8
Ay °9-
€y
Le60°
wisune
vo'L

Si€°
le9*
60"y
(S

YL S R T

v%*9
992
yd° 1~
ooz*
Satno’
68°L

(1 0
169°
%6°9
22°$

LTS AT FE RN b SRR A L SIS By

0°gl
”9°S
06"~
yite
nev00°
0°6l

[1-1 2
i90°
[ A4 ¥4
0°91

0Lt
§9°s
y2re-
VET®
viioo*
1°s¢

1110
$86°
[ 2k £4
9Lt

9Lt
06°¢
202~
e’
"o
8°vE

9%9°
196°
[ 3 X4
154 )}

h

TN e

¢ + R 4
€€l 861 €°s¢
L1y 02y 89°%
06°2- L6 2~ Lyt~
L61° 061* ¢
69900 t9 900" Tegno
0°02 19§ £°29
oty (2404 90%°
o€l 96L° 6L9°
v°Q) [ 94 24 L AL 4 4
9°01 9°91 162

ponuTIO) 6-IA TTAVL .

.+ *
€6 £°2y
00°€ - [ A0 2
102~ 91~
942 »oe*

itoto Civua’
£°0¢ 1 %) )
oy T4

515 508°
QL sae
i°s1 [ Al 14

o

,',.», s - 1
g NG

o GLOAYI 171
YAYI L/
S BLAAY) 1Y
C RAVILA
THeAri it
LdAV )Y

{ YArdAY b

161

T{IHdIN

titne)?

{ i1l 1Y
(1HdIY

{ vO/ind)e

]

53
.

+
.

't

CE TN TR NS

N




[l &k
ote"
(14 3
1960°
LA RS

€€
L€~
ote’
68000°~
¢

‘o8t
*1°1
(14 9
2010°-
LLLov*

€2
Suy*
%°9
ozt*
€LLuas -

us*1
» 2t

ot

et
149
occ*
ote*
sLt-

[ T84 €
€L°€
[} 144
6€E00"*
FL A% 4

‘90¢
[DAR}
(11 3¢
1$200°
Livo9*

16°1
(1104
$L°Y
ez
83200°

02°1
¥ s

89°¢€
26s°*
oLg”
site
ey~

6L°9~
92°9
(139
1w’
0589

i 211
*2%:
otg*
€0to*
020°

22y
809 °
191
96t
02900°

otl

» s

¥ €
o’
-1 3 9¢
[AA 0
09°y-

00°9-
06°$
13 3
€v200°
€£5°9

292

21°¢

ote¢”
€6900°
£220°

[l A4
9oL*
041
161°
£5500°

0v6°
» e

3

*9°€
2L9°
113
eLe
89y~

$L9-
299
114y
20900°
28°S

‘o112
08¢
(14 %
96900°
0820°

L€°Y
we®
L
v
€€500°

008°
¥ BE

9

09°2
16¥°
133
9
18°¢-

o€y~
1%
111 3
#0£00°
Ly

*961
002
o
06 100°
1s20°

22°¢
€Ls°
9°€1
Lo
92€00°

%9
¥ 0%

¢

02'¢
ST
13 34
[ 110
T G-

1 $ 34 0
12°¢
(143
$9000°
Ly*9

*Tot

18°8

o€¢®
yZL00°
TLeo*

€9°¢
60L°
661
922°
16400°

029
p 11

L4

{99y
tietl
06E"*
L it

Ny L

61°9-
10°§%
(113
oz10°*
0°ct

*00¢
2%°9
(1334
~L010°
£€650°

{0°¥E

t10°¢s
012
692°

92900°

0oL
n e

(WAISXS SIXV XQ0H)

) SVS

- -

(] A4 3
189°
otc®
goz°
-

L%~
€8y
[-11 3¢
8£200°~
4 801

‘el

96°2

113 3¢
211y -
£L%0°

L€
(130
8yl
. 8Lz
1230°

1] 1 &
% 9t

4

SYOIOVL MOTIONNL BRAGNVEL URQINE OI~IH.

Ol-IA TEVL

tis*s )

106°1 )
13 %4
1L
90t

99'9-

16°4L
. 0%6°

5120

0°€t

*691
894
os¢*
seto°
§980°

02y )
89°L )
§5°2
[ 3434
15100°

00%*
% €0

| SVOLVINON d
' -

-, e
- o o o

N { . R
AT
LIS 17 V2 SR
[T 1 V) IEEE
WY

1(120)n
-1t13002 -
tLA30) A
2t130)4/1
1130141

© WOAVYNIWON3IO -

) .
H

*I '




L T I ERV I R

6 .
6°Q1
LE6"
114 g
$110°-
692

0b*%-
oc°y
ofx°,
wer?

ISl T AR R el ST R N S it L

*902
L°0y
2L9°
ote”
y-3229°~
9t0°-~

09°¢
yet-
119
Ly

(Z°6¢€

(ot9*
12
(119

41900°
-

9L°S
ey~
(143
se°y

€66~
<
ie°2
oce”
06€00°
609°

LS
1°s-
(119
0s°L

6°99
4°02.
191
(113
€£1€00° -
[ 1228

et*9
6L G-
113 34
L9

€01
9°42
P2l
0EE*
89%00°~
Nt~

60° ¢
90° 4~
ote*
€1

(8 2 14
(£33
80°2
[ 1%
$0100°
166°~

11°¢
€LY~
0f€*
19°L

(1L

-tyge°
*t61-
(113

€9L00°
[ JUN

90°9
‘..'-
119

't

PINUTIUCY i -IA TTAVE

*
] 1°9¢C~
}  0€%6

02t
(3194
0090~
1144 |

§9°S~
26°y
(23134
6Ly

(14
to*e~

L0°L
209
(113 3¢
€Lt

StaAV)L/Y .
"oldavisy
SteAv) i/t
TLEAVIL/T .
ttéAv) o/t
(dAY )Y
{ NO/ZdAVIN

St 1Hd) 471
AR LLINVA
AIRLEINVA
tindiy

{ ¥O/IHdIN

.




(110

os2°
29°t
0%°1
n 2

01

(LY
(A0

‘get-

[ TR

L2 7%

1960°

»

6L6°
20t
L2°L

€rel

29t
0ese
02*1

st

L 73 5
L L AN 4
(118
99 *

eL"

oLy"*
61°1
ot*t

¥ le

(144 1318 (1, & .upn. 1144
ov*e Y22 ] I LH [T1Y] ve's
6% 021 tie IV te
s280° L2t ise 102° o osre
- 9¢9° €L soL° BT N
-- - 00%0° - | .
-- -- 000° 966° 166"
- - o°ct — ——
-- -- $9°s s°12 1 1c
- - £9°6 s°12 zric
12g° Lyse 92¢° £69° »6*
€11 91°1 9g°1 113 S ¥ 231
056° oo¥* 0%9° 029° ooL*
% e n 8t % 0y ¥ 0 % 22

¢ 9 $ » §

* +* + + *

(WAISAS SIXY XQ0€)

330 8Y8

90y
e
A
oz
oL
6ty3°
085 °
161
011
et

0L

L1AN

[ 1’

¥
[

SVZIENVIWS SEITIIVI® DIXTANVE TVROIICENIG-TVEELYI

LL-TA TTEVE

99¢
13+
un
ozt
zege
tevo0®
000°
€92
us?
uos?

o2t
[ A
00§
¥ L0

oL~

3A 04 IH¢

vito 01 INd

T TAO LN YR T

XVH=0-130

(QIN/E tHdI N

(.¥) 92125014

11d/M2)e

_ 1e1d

1214

e

1235)

(/115

g0l v3d ¥O
"
H

'RY)

{a3s?

(Z) w¥les

164



R

A

Tl . .

HL-10 DATA SOURCES

t. Ladson, Charles L., and Acquilla S. Hill, Aerodynamics of a Model
of the HL-10 Flight Test Vehicle at Mach O, 35 to 1.50, NASA

TN D-6018, Feb, 197

2. Pyle, Jon S., Lift and Drag Characteristics of the HL-10 Lifting
Body during Subsonic GImng FIlEf NASA TN D- @ES, Mar. 1971

3. wWare, George M., Full Scale Wind Tuunel Investigation of the Aero-

dynamic Charactenstzcs of the HL-10 Manned LiftgﬁEntry
Vehicle, NASA TMX-1160, Oct. 1965
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Controls consist of

The Jetstar is a four engine utility traasport.

conventional allercns, elevators, and rudder,

Ailerons and elevators are
The rudder is mechanically

mechanically actuated with hydraulic boost.

activated but assisted by a servo tab,

The primary source of aerodynamic data was HASA CR-5kk.
aerodynamics were estimated using CR-S5ili and flight test data from

Power approach

The control system descéiption was based solely on

flight test data from the latter reference.

FIC-TDR-62-24C-140.
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JETSTAR
PITCH _AXIS
Fsr(ib) ———*55 ,'2'95& =S¢ (rad)

Notre: Angle of attack effects on elevator
hinge moment are neglected

ROLL AXIS
T H
Fsr (1b) | = Sq(rad)
YAW AXIS
Fpgg(lb) —.'J -9-'7& "—"'-:.‘Sy(l'ﬁd)

i .

T v




4
. 3
:1
TABLE VII-i g
JETSTAR 3
Power Apyroach NoneDimensional Stability Derivatives i
i
h = sea level ;
Vp, = 22k ftf/sec = 132.5 kt ! .
9y = 6.50
Longitudinal Lateral-Directional -
(Body Axts)
Cy = .73 c,-‘3 = —.72/red
Cp = .09 Cog = 137 /red ,
. Cry, = 5.0/rad c‘B = ~=.103/rad :
Cp, = -To/rsd Cpp = -37/red’
% = —.&)/I?d . Cnp = --'lh/r&l"z ‘
Cms = —3.0/red Cp. = .11/rad
Cmq = -8.o/rad Cnr = —.16/1‘&
Clﬁ = .h/rad c%a = —.w75/rad_ -
(] ,
Cog, = -.81/rad Ctn, = -954/rad o
c’a, = ..175/rd
c%r = .—.063/205. .
T o




SL JETSTAR
wee=- 20,0001t 38204 1b
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JETSTAR DATA BOURCES

Myers, Russell H., Jr., and Carl S. Cross, Jetstar Flight Evaluation,
fir Force Flight Test Center Rept No. FTC-TDR-62-24C-1L0, Febt. 1963

lar¥, Daniel C., and john Kroll, General Purpose Airborne Sirulator —
Conceptual Design Repctt, NASA CR-5LL, Aug. 196cC

[@]

Flight Manual, USAF Series C-'40A, C-1:58, and VC-1LOB iireraft,

T. 0. 1C-14CA-1

Jetstar Handbook of Operatirg and Maintenar.ce Instructions for USAF
Models C-1LOA and VC-1LCB Aircralt, T. O. 1C-1L0A-2
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CONVAIR 88CM BACXGROUND

The Convair 330M is a medium-size four engine jet transport. Lengi-

+:

iinal and directional control consists of servo tab deflected elevators

¥

ard rudder, Lateral control consists of servo :ap deflected ailerons rlu:z
lic actuzted speilers.

Sla2vator, aileron, and rudder transfer functions are in terms cf
resvective primary surface deflections with tab losses included. Although
th2 control system diegram shows a lag in the spoiler sctuator, none was

usad in computing transfer functions.
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CvV-880M
PITCH AXIS

(B1,-Belc :’% - = 8, (rod)
-1

-Ch
2o Selrad)
Chb.
ROLL AXIS
: H
: 3 -1425
" : el s, (rad)
Sta, = 354,(rad)
! . -Chs
’ - ——¢ s §(rad)
' Lol Cha,
IR YAW AXIS
. ,'_.':.';’ ' i N
T (84, -3ede ' = 84, (rad)
g el -
[ - . Z
. - j ‘ -Chy,, —
. ‘: ch" r(de)
M
‘ A Figure VIII-3. CV-880M Control Systea
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TAELE VIII-1

cv-88oM

Icngitudinal Non-Dimensional Stabllity Derivatives

Flight Conditicn
Configuraticn

Speed

Altitude
2, (De:)

CL
®p

Cla (1/rad)
CDG. (1/1‘8’1)

Cq, (1 /rad)

c.. (1/rad)
e (1/rad)
g (1/rad)

( 1 /I‘ad)

4

C
C
C:n
Crg (1/rad)

Cmﬁz (1/rad)
Chae (1 /rad)

Cp.. (1/rad)
Cos - (1/rad)

Chﬁte (1/rad)
e

1 2 3 L S S
L PA
13L KTAS 165 KTAS  .&M BEMm ™ B
sL SL 23K 22K 35K 3e4
5. L.z 5.2 2.8 g.z 4.7
1.03 0.58 0.%25 0175 L5k 0.347
0.1~ ¢.080 0.022 C.019 0.025 0.02k
4,65 .52 L 22 O | 4,82 4.2
0.53 0.27 0.14 0.07 0.18 3.15
—0,381 —-0.603 —0.522 -0.572 0 568  —0.6%
2.7 2.7 2.4k 2.5 2.75 2.75
7.3 7.72 6.76 6.37 7.5 7.5
=41 —4 .13 4.6 -4 .66 -4k .5
—-12.2 —12.i -11.5 -11.8 -12. -12.
0.z22 0.213 0.123 0.141 0.203 Q.150
-0.657 —0.57 —0.5%6 —0.438 -0.6i& -0.27
—-0.326 —C.323 -0.336 -0.276 -0.342 -0.%
0.055 0.05%2 0.0582 0.0352 0.0508 0.04L7
—0.184 -0.159 —0.i46 0.1 -0.15% =0.1%
—0.267 =0.285 —0.297 -0.343 -0.312 -0.335
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F W R

Flisht Conditicn

Cezi -uraticn

Speed

Alzitude

1)

A0

Ty
e b

.. (1/rad)
(Il rad)
(1/rad)

A

C. {1/rsd)
Czy {1/red)
;. (1/rad)
c,_: (1/red)

c‘: (1/rad)
(1/rad)
Ch; (1/1'&4)

c; (1/rad)

Cre, (1/raa)
c,st: (1/rad)

(1/rag)
chbt (I/rad)

Gy, (1/702)
C;,. (1/red)
C,-_,. (1/rad)

4,-. (1/rad)
l‘l/rld)
(1/334)

Om. (1/rad)

Cray, (1/red)
C‘b‘r ('l/rld)
Cm¢ (1/rad)
cb&_: (1/rad)

! 2 3 N
L PA
12- KTAS 1€5 KTAS .EM LM
k34 SL 22K 23K
-1.015 -0.8T7T =-0.7¢8 =c.t15
-0.239 {0196 “~0.163 —0.1-5
0.ik5 0439 0.128 0.122
~0.355 =0.281 ~0.329 ~0.23
.C-;’-:T —'v-ol‘y -000173 -OOU-,
0.2 0.198 0.1L6 0.CE8
-0.218 =-0.185 =0.163 =C.189
0 0 0.0019 0.07%%
~0. %87 =-0.038L —~0.0466 -0.0452
0.01862 0.0172 0.00T46 0.01061
-0.50T -0.481 =~0.236 -0.258
o 0 0 0
-0.0072 ~0.005 =0.0068 -0.0068
o 0 (o} o
-0.249 =~0.2271 =0.215 =-0.2125
-0.078 -0.0315 -0.0189 =0.0175
0.0805 00405 0.029 0.0281
0.0258 0.0129 0.01146 0.0109
0.223 G.2155 0.190 0.139%
0.0207 0.0226 0.0176 0.0183
~0.2995 -0.0958 -0.0845 ~0.073h
~0.2140 ~0.212% =0.1626 =0.1844
0.0k93 0.0k67 O0.03TF 0.0035
0.0021 0.0027 0.0016 0.0018
_0nm -00019 *um, -o.m
~0.2%% -0.29 =0.267 =0.2%
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{Stability Axis Systexz)

Lateral-Directional Non-Dimensional Derivatives

5 5 1

.U 2 LEN

32K o) S 23K
-©.ACT =D.5125 —2.5.-
“0.181 <. 77 €At

0.129 0.1237 0.132
0.3k ~0.312 ~5.2%
-0.022 ~5.011  ~C.0C:-

0.180 Cc.153 0.146
~0.166 -0.1€5 =0.165

0.0044  0.007T5 0.0097%
~0.0479 -0.049T -0.04T9
0.007  0.CCBu5 0.0097

-0.2223 -.2005 -0.258

o 0 0
-0.0071 =0.0075 -2.0071
0 Q 0

-0.226 =0.235 -0.213

-0.0189 -0.0189 -0.0175
0.032+  0.0329 0.0339
0.00975 0.0100% C.00NT

0.199 0.18% 0.1685
0.0165 0.0187 0.0193
-0.08k8 ~0.0756 -0.06Lk
~0.1343 -0.1491 -0.162%

0.0Mbs 0.0355 0.0316

0.001h 0.0019 0.0020
-0.016 =0.0138 ~0.011
-0.21 =0.26T <=0.265
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SECTION IX

BOEING 747
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S eapmy .,

BOEING 747 BACKGROUND

The 3ceing 7-7 is a very large four-farjet intercontinentel trarsport
designed to operzt2 from =visting Internaticnal airports. To obdbtain the

necessary loc# spead characteristics the wing has triple-clotted trailing

i

flaps and Krueger type leeding =dge fiaps. The Kruegar flaps outbtoard of
the inboard naceliz are variable cambered znd slotted while the inboard
‘rueger flaps are standarcd unslctited., Longitudinal corntrol is obtained
through four elevator segments and a movabie stabilizer. The lateral con-
trol emplcys five syciler panels, an inkcard ailleron between the inboard
and outboard flazs, and an Tittcari ailercn which operates with flaps down
only on eazh wing, The five sroiler panels on each wing also operate

g -a - —— 3% Ce ~ s - 2iam S -t - 3 2 b
Symmetriced s as speedtraiac in ecnjunction with the mest irbeard sixih

spoiler panel, Iirectioral contrcl is ootained from twe rudder segrents.

-

Information for this aircraft was obtained solely from a ~-7 simulator

description {Boeing DE-Z0€.3),
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¥ R P
o ITCH_AXIS Beg s (deg)
K . L | Bectin) | 292 é
) Fec (1D) \ X " 573 | Selrad)
: '3'82% e 0: at 1.
t
: @O~ —-00——
2 b /
(@)
- eme 20,0001
— o cmp— 40.@“
) 1 1 1 1 1 ,
0 2 4 Moch 6 B w
ROl L AXIS
8ag,s(deg)
8y (deq)
| w 1.0 <
. LAT %
Contig | X ] 13 3,pfrod) B
Cleon |.121b/deg ::
PA |1551b/deg — £
&
YAW AXIS b

by Brzaslrad)

" a P Spenlin) ‘

Figure X-3. C-=A Control System



B-747

YAW SAS
505s
{rad/: 1
re \rad/sec) ——3 (s+.368)(s+3.68)
d
Q
-688s T
rso'368)(sf3.68)
Ps(rad) —
-345s
(s+10)2
r =r
dws = fp dt

(Gyro and INS Aligned with FRL)

Figure IX-L. B-747 SAS

Flaps Up

Flaps Down




landing Configuration Non-Dimensicnal Derivatives

h = sece level

VI, = 131 KTAS

o = 8.5°

5s = —6.3°
Longicudinal teral-Dirzctional
L = 1.76 Cyg = ~1.08/rad
Cp = .263 Cgg = =.281/rad
Cly = 5.67/rad Cng = .184/rad
CDg = 1.13/red Cgp = =.502/rad
Cng = -1.45/rad Cnp = ~.222/rad
Crg = —5.7/rad Cgp = .195/rad
Cmg = =3.3/rad Cnp = =~.36/rad
CLq = 5.65/rad Cegq = +0530/rad
Cog = -21,4/rad Cngq = .0083/rad
Cry = =1.1 %r = ,179/rad
cmM = .36 Cegp, = O
Clge = -356/rad Cng, = =—.1i2/rad

C = -~ .’40/2‘&(1

Ea = total deflection of right inboerd aileron plus left
inboard ailercn with tke effect of outboard ailsrons

$maTrdad

- v s -




%a

TABLE IX-2

B-?hz

Power Approaca Configuration
TNon-Dimensioral Derivatives

h = sea level

Vp, = 165 KTAS

ap = 5.7°

&g = =2.1°
Longicudiral lateral-Directional
Cp = 1.1 Cyg = ~.96/rad
Cp = .102 Cgy = —.221/rad
CL. = 5.70/rad c,,15 = .150/rad
Cpg = .66/rad Cop = —~.u5/rad
Cpe = —1.26/rad Cn, = —~.121/rad
CLg = —6.7/rad Cip = -101/rad

= ~3.,2/rad Cap = —.30/rad

Cy = 5.4/rad Ceog = +O61/rad
Cag = ~£0.8/rad Cngg = -008/rad
Cry = —8 Cypp = -175/rsd
Cmy = 2T Ctg, = -007/rad
loe * .338/rad Cop, = —-109/rd
Cope = —1-34/red

= total deflection of right inboard aileron plus left
inboard aileron with the effect of outboard ailerons
included
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